BACKGROUND: Chronic hepatitis C (CHC) is associated with substantial morbidity and mortality, with the future burden of disease predicted to significantly increase. The recent addition of 2 direct-acting antiviral (DAA) protease inhibitors, telaprevir and boceprevir, to peginterferon alfa (PEG) and ribavirin (RBV) therapy has been shown to significantly improve sustained virologic response rates and thus has become standard of care. While the efficacy and safety of DAAs has been assessed in the clinical trial setting, less is known about real-world use of these new therapies.
OBJECTIVES: To (a) evaluate the treatment patterns, health care utilization, and costs of CHC patients receiving DAA-based therapies in the United States using a retrospective analysis of a large administrative claims database and (b) evaluate factors associated with therapy noncompletion using multivariable analyses.
METHODS: Adult patients with ≥ 1 claim for CHC and a prescription filled for boceprevir or telaprevir were selected from a de-identified U.S.-based claims database. The date of the first fill for a DAA after May 13, 2011 (date of first DAA availability) was defined as the index date, and patients were categorized into either the telaprevir or boceprevir cohort. Patients were required to have continuous eligibility and no claims for hepatitis B during the 6 months before (baseline) and 12 months following (study period) the index date. Baseline characteristics and study period treatment patterns, health care utilization, and costs were described. Factors associated with therapy noncompletion were examined using multivariable logistic regression, and adjusted health care costs were compared between the DAA cohorts using multivariable analyses.
RESULTS: A total of 871 telaprevir and 284 boceprevir patients were identified. DAA patients were aged 54 years on average and more often were male (60%, n = 688). Approximately 25% (n = 216) of telaprevir and 18% (n = 52) of boceprevir patients had cirrhosis, and 9% (n = 82) of telaprevir and 7% (n = 20) of boceprevir patients had decompensated cirrhosis at baseline. Less than 1% (n = 9) of patients were HIV co-infected. Approximately 54% (n = 470) of telaprevir and 74% (n = 210) of boceprevir patients did not complete the minimum duration of therapy as per the prescribing information (telaprevir: 12 weeks of triple + 12 weeks of dual; boceprevir: 3 weeks of lead-in + 24 weeks of triple). In multivariable analyses, females (vs. males) and patients taking boceprevir (vs. telaprevir) were more likely to not complete therapy (P = 0.011). CHC patients experienced high medical and drug-related resource utilization. Telaprevir patients had numerically higher study period unadjusted medical (boceprevir: $16,927;
R E S E A R C H
• Chronic hepatitis C (CHC) is associated with considerable morbidity and mortality, which results in high medical expenditures. The addition of direct-acting antiviral (DAA) protease inhibitors (i.e., telaprevir and boceprevir) to peginterferon alfa and ribavirin therapy significantly improves the efficacy of treatment for CHC in the clinical trial setting.
• However, previous real-world studies conducted among hepatitis C patients initiating DAA therapy found rates of early treatment discontinuation that ranged from 28%-52% for patients receiving telaprevir-based therapy and 30%-55% for patients receiving boceprevir-based therapy.
What is already known about this subject
• This study used a large administrative claims database to assess the treatment patterns, health care utilization, and costs of CHC patients treated with DAA-based therapy in a real-world setting.
• CHC patients receiving DAAs incurred substantial health care utilization and costs, with patients receiving telaprevir-based therapy having significantly higher adjusted total drug costs than patients receiving boceprevir-based therapy.
• These CHC patients also experienced high discontinuation rates of DAA-based therapy, with boceprevir patients less likely to complete minimum recommended therapy than telaprevir patients.
prescribing information); health care resource utilization; and health care costs of a commercially insured U.S. population of CHC patients treated with boceprevir or telaprevir. It also presents adjusted costs analyses to compare the cost burden experienced by boceprevir and telaprevir patients, controlling for demographic factors and other patient characteristics. (date of first DAA availability) were selected. The first prescription for a DAA was defined as the index therapy. For patients who received telaprevir, the date of the first prescription was defined as the index date; for patients who received boceprevir, the date 4 weeks prior to boceprevir initiation was defined as the index date, since boceprevir requires a 4-week lead-in treatment period with PEG and RBV. Patients were required (a) to be at least aged 18 years as of the index date, (b) to be continuously enrolled in a health plan for at least 6 months before (baseline) and 12 months following (study period) the index date, and (c) to have no diagnosis for hepatitis B during the baseline or study periods.
■■

Patient Characteristics
Patient demographics and disease characteristics were summarized over a 6-month baseline period prior to the index date; treatment pattern outcomes, resource utilization, and costs were analyzed over a 12-month study period. All results were stratified by cohort (telaprevir or boceprevir). Patient demographic and baseline characteristics included patient's age; gender; region of residence; insurance type; Charlson Comorbidity Index (CCI) 20 ; comorbidities of interest (liver-related complications, including cirrhosis, decompensating cirrhosis, liver cancer, liver transplant, other sequelae of chronic liver disease, unspecified disorder of the liver); and previous CHC treatment (any time in the patient's claims history). Refer to Appendices A and B (available in online article) for codes used to identify CHC therapies and conditions. C hronic hepatitis C (CHC) develops in approximately 75%-85% of people infected with the hepatitis C virus (HCV), a single-stranded ribonucleic acid (RNA) virus categorized into 6 major genotypes, of which genotype 1 is predominant in the United States (70%).
1,2 The prevalence of CHC in the United States is approximately 1% (2.7 million people), 3 and among those infected with the HCV virus who do develop CHC, chronic liver disease is a major source of morbidity and mortality, which results in high medical expenditures. 4, 5 Prior to 2011, standard therapy for CHC was combination therapy consisting of peginterferon alfa (PEG) and ribavirin (RBV). In May 2011, 2 direct-acting antiviral agents (DAA), telaprevir and boceprevir, were approved by the U.S. Food and Drug Administration (FDA) for treatment of HCV genotype 1 in combination with PEG and RBV (triple therapy). Both are inhibitors for NS3/4A protease, an enzyme required for selfcleavage during viral replication. FDA prescribing information for telaprevir recommends administration of triple therapy for 12 weeks followed by 12-36 weeks of dual therapy with PEG and RBV, with duration of dual therapy depending on viral response and prior response status. 6 FDA prescribing information for boceprevir recommends a 4-week therapy lead-in period with PEG and RBV followed by 24-44 weeks of triple therapy (boceprevir, PEG, and RBV). The duration of triple therapy is based on cirrhosis status, prior treatment experience, and viral response. An additional 12 weeks of dual therapy (PEG and RBV) may also be administered depending on viral response. 7 Clinical trials demonstrated that the addition of either boceprevir or telaprevir to PEG and RBV significantly increases sustained virologic response (SVR) rates (defined as undetectable HCV RNA level, which probably equates to a cure) in both treatment naïve and previously treated populations compared with PEG and RBV. [8] [9] [10] [11] In 1 study, DAA-based regimens were associated with more adverse events, including anemia and rash, compared with PEG and RBV alone. 12 Patient population and treatment-level differences between clinical trial and real-world settings may result in different rates of response and safety outcomes. For example, adherence to therapy may be lower in the real-world setting. SVR rates have been shown to be significantly related to adherence rates in boceprevir trials. 13 Existing real-world data on the efficacy, safety, and adherence to DAA regimens in the United States are limited. Previous studies have examined the use of DAAs in specific subpopulations, such as the Veterans Administration (VA) health care system in the United States [14] [15] [16] [17] or in small scale health center-based studies. 18, 19 However, few of them investigated the treatment patterns or health care utilization and cost outcomes. This study seeks to contribute to the growing literature on real-world use of DAA therapies by describing the treatment patterns (e.g., initiation, duration, and noncompletion of a minimum duration of therapy as per the 
Treatment Patterns
Treatment pattern outcomes included therapy segment initiations (i.e., lead-in, triple, and dual therapy); therapy durations overall and by segment; and therapy noncompletion rates. Lead-in therapy initiation (for boceprevir only) was defined as the first day of concurrent treatment with PEG and RBV during the 4 weeks prior to boceprevir initiation. Triple therapy initiation was defined as the first day of concurrent treatment with the index drug, PEG, and RBV. Dual therapy initiation was defined as the first day of concurrent treatment with PEG and RBV following the last day of continuous treatment with the index drug after triple therapy initiation. The duration of each therapy was defined as the length of concurrent and continuous treatment with all drugs required by FDA prescribing information in that segment. Continuous treatment allowed for gaps of 45 days in medication supply for any of the therapies, following a treatment definition used in previous HCV studies. 21, 22 Therapy noncompletion rates were defined for each drug based on minimum recommended therapy according to prescribing information ( Figure 1 ). For telaprevir patients, this was defined as not completing at least 12 weeks of triple therapy followed by at least 12 weeks of dual therapy; for boceprevir patients, this was defined as not completing at least 3 weeks of lead-in treatment followed by at least 24 weeks of triple therapy. Additionally, factors related to therapy noncompletion were evaluated by multivariable logistic regression, including treatment cohort (telaprevir or boceprevir), gender, prior CHC treatment, age, and CCI. The factors investigated were defined a priori, and no model selection or model building was planned or conducted. A predetermined significance level of 0.05 (twotailed) was used for the logistic regression.
Resource Utilization and Costs
Resource utilization outcomes included rates and frequencies of inpatient (IP), emergency room (ER), and outpatient (OP) care, as well as number of prescriptions for CHC-related treatment and other drugs (i.e., non-CHC related). IP and OP claims were used as provided in the databases. Claims for ER services were identified from IP and OP claims based on the place of service. All cost values were measured as the amount paid by third-party payers and were inflated to 2012 U.S. dollars using the medical care component of the Consumer Price Index. 23 CHC treatment costs included costs for all pharmacy claims as well as medical claims identified via Healthcare Common Procedure Coding System codes for CHC treatment (Appendix A, available in online article). Unadjusted health care costs included total medical costs, IP costs, ER costs, OP costs, and drug costs, including CHC treatment costs and other drug costs. Adjusted health care costs were estimated by a regression model for total medical, IP, ER, OP, and drug costs. Cost adjustment models controlled for cohort (boceprevir or telaprevir), baseline costs (of the same type), gender, prior CHC treatment, age, and CCI. All covariates adjusted for in the regression models were defined a priori, and no model selection or model building was planned or conducted. One-part generalized linear regression models with a gamma distribution and log link were used for the comparison of total medical costs, OP costs, and drug costs. Two-part models were used for IP and ER costs, since zero costs were observed in more than 5% of the patients. The first part of the model used logistic regression to model the probability of incurring any health care costs, and the second part used a generalized linear regression with a gamma distribution and log link to model health care costs among those with nonzero costs. Standard errors and P values were obtained using a bootstrap-based approach (1,000 replications). The Kolmogorov-Smirnov test for the equality of distributions was used to test the null hypothesis that the adjusted costs for telaprevir and boceprevir arise from identical distributions.
■■ Results Patient Characteristics
A total of 871 telaprevir patients and 284 boceprevir patients who satisfied eligibility criteria were identified in the claims database ( Figure 2 ). The average age was 54.1 (standard deviation [SD] = 7.6) years for the telaprevir cohort and 53.3 (SD = 8.9) years for the boceprevir cohort, and males composed 63.4% (n = 522) and 58.5% (n = 166) of telaprevir and boceprevir cohorts, respectively. Approximately 61.6% (n = 537) of telaprevir patients and 48.6% (n = 138) of boceprevir patients were CHC treatment naïve on the index date (i.e., received no CHC treatment at any time in their claims history prior to the index date; Table 1 ).
During the 6-month baseline period, telaprevir patients had an average CCI of 0.93, and boceprevir patients had an average CCI of 0.73. The most common comorbidities were hypertension, diabetes, and depression. Less than 1% of patients were co-infected with human immunodeficiency virus, and approximately 1%-2% of patients in both cohorts had renal disease. Liver-related complications were observed in 30.8% of telaprevir and 23.6% of boceprevir patients; 24.8% and 18.3% of telaprevir and boceprevir patients, respectively, had cirrhosis, which was the most common liver-related complication observed in the study population (Table 1) .
Treatment Patterns
During the study period, approximately 97.0% of telaprevir patients and 97.9% of boceprevir patients initiated triple therapy consisting of the DAA (telaprevir or boceprevir), PEG, and RBV, and 74.7% of telaprevir patients and 42.6% of boceprevir patients also initiated dual therapy with PEG and RBV. The mean overall therapy duration for those who initiated triple therapy was 25.6 weeks for telaprevir patients (triple + dual therapy segments) and 28.6 for boceprevir patients (leadin + triple + dual therapy segments), while duration of index therapy was 11.9 weeks for telaprevir patients and 24.9 weeks 
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for boceprevir patients. Approximately 54% of telaprevir patients and 74% of boceprevir patients did not complete minimum recommended therapy according to prescribing information (Table 2) .
Logistic regression models of noncompletion of the DAAbased regimens found that telaprevir patients were more likely to complete minimum recommended therapy than boceprevir patients (noncompletion odds ratio [OR] = 0.42, 95% confidence interval [CI] = 0.31-0.56, P < 0.001) and that women were less likely to complete minimum recommended therapy than men (noncompletion OR = 1.38, 95% CI = 1.08-1.78, P < 0.001; Table 3 ).
Resource Utilization and Costs
Almost all patients had at least 1 outpatient visit (telaprevir: 99.4%, boceprevir: 97.2%) during the 6-month baseline period; telaprevir and boceprevir patients averaged 10.6 and 9.5 baseline outpatient visits, respectively (Table 4) . Mean total baseline medical costs were $7,107 for telaprevir and $5,562 for boceprevir, with outpatient costs comprising over threefourths of baseline medical costs in both cohorts. IP costs in both cohorts made up approximately 15% of baseline medical costs. Total baseline drug costs were $2,834 in the telaprevir cohort and $3,151 in the boceprevir cohort (Table 4) .
During the 12-month study period, telaprevir and boceprevir patients had on average 29.1 and 29.9 OP visits, respectively, almost tripling the numbers during the baseline period, which can be attributable to the fact that DAA-based therapies require constant monitoring, including laboratory testing and physician visits. Approximately 17.3% of telaprevir patients and 16.5% of boceprevir patients had an IP visit, and 27.8% of telaprevir patients and 30.3% of boceprevir patients had an ER visit. On average, telaprevir patients received 15.2 prescriptions for CHC treatment, and boceprevir patients received 18.9 prescriptions for CHC treatment (Table 4) . Mean total study period medical costs were $19,519 for telaprevir and $16,927 for boceprevir, with OP costs comprising slightly more than half and IP costs consisting of over 40% of study period medical costs in both cohorts. Study period drug costs were $76,497 in the telaprevir cohort and $59,953 in the boceprevir cohort, and CHC treatment costs accounted for approximately 91% of study period drug costs in the telaprevir cohort and 85% in the boceprevir cohort (Table 5) .
After adjusting for cohort (telaprevir or boceprevir), gender, age, prior CHC treatment, CCI, and the log of baseline costs of the same type (because a log link function was used for the dependent cost variable), no significant differences between telaprevir and boceprevir patients were found for total medical, IP, ER, and OP costs. However, in multivariable models of total drug costs controlling for the same variables, telaprevir found that 54% of telaprevir patients and 74% of boceprevir patients did not complete minimum duration of therapy as per the FDA prescribing information. Telaprevir patients were more likely to complete minimum recommended therapy than boceprevir patients, and women were less likely to do so than men. Additionally, patients taking telaprevir or boceprevir incurred high medical and drug costs following the initiation of a DAA-based regimen, with telaprevir patients experiencing significantly higher adjusted total drug costs.
Directly comparing the rates of therapy noncompletion found in this study with discontinuation rates in the literature is challenging given differing definitions of discontinuation, differing lengths of follow-up, and the lack of SVR data in this study to determine the recommended regimen for any given patient. However, this study finds rates similar to a 2 centerbased study of U.S. CHC patients and a study of CHC treatment in France. 18, 24 In a chart review study conducted among HCV patients in the United States, Bichoupan et al. (2014) found that 52% of telaprevir patients discontinued therapy early, which is comparable to the approximately 54% of telaprevir patients who did not complete therapy in our study. 18 Similarly, a French multicenter prospective cohort reported early discontinuation rates of 47% among telaprevir patients; however, 42% of boceprevir patients discontinued therapy early, a finding that is lower than the current study. 24 This difference is potentially due to the prospective cohort study nature that requires monitoring and assessment of patients throughout the study and clearly defined treatment protocol for lead-in therapy as part of boceprevir treatment in the French study. 24 Several other real-world studies of telaprevir and boceprevir used the U.S. Veteran's Affairs (VA) electronic medical record database and found rates of therapy discontinuation generally lower than those observed in this study.
14-17 Backus et al. (2014) and Belperio et al. (2013) defined duration of treatment from the start of boceprevir or telaprevir to the last day of treatment covered by PEG and found that approximately one-third of telaprevir and boceprevir patients discontinued therapy before week 24. 14, 15 In another VA database analysis, Ioannou et al. (2014) defined duration of treatment from the first fill of PEG/ RBV to the last day of treatment covered by PEG/RBV and found that approximately 41%-45% of telaprevir patients did not complete at least 24 weeks of therapy, and 40%-55% of boceprevir patients did not complete at least 28 weeks of therapy. 17 Finally, Majid et al. (2014) found that 49% of boceprevir patients discontinued therapy prior to 24 weeks. 16 The higher rates of therapy noncompletion found in the current study are likely attributable to a stricter definition of therapy completion and differences in the study populations. For example, this study required that patients take all 3 drugs for the minimum required duration of triple therapy and that patients take PEG and RBV for the minimum recommended duration of lead-in or dual therapy, whereas other definitions patients were found to have statistically significantly higher total annual drug costs than boceprevir patients (P < 0.001; Table 5 ).
■■ Discussion
This study adds to existing literature on CHC treatment by describing the patient characteristics, treatment patterns, health care resource utilization, health care costs, and factors associated with therapy noncompletion of a cohort of CHC patients from a large, commercially insured population treated with the DAA agents telaprevir and boceprevir. The study higher adjusted drug costs despite undergoing shorter overall (25.6 weeks vs. 28.6 weeks) and index (11.9 weeks vs. 24.9 weeks) therapy durations. Despite its higher costs, more patients were treated with telaprevir than boceprevir in our study (75% and 25%, respectively), a trend potentially suggesting that patients and providers in a commercial population may prefer a shorter duration of therapy. None of the real-world studies discussed previously conducted analyses of costs; however, the results found here are consistent with the observation that the wholesale acquisition cost (WAC) for boceprevir was typically less expensive than telaprevir (boceprevir: 
Limitations
The present study is subject to several limitations. First, the study assumed that possession of medication translates into actual use of medication; however, this cannot be confirmed using claims data. Second, the MarketScan dataset only contains data from employer-sponsored plans or Medicare Supplemental plans, and these patients may differ from other patient populations. So, our results may not be generalizable to patients who are uninsured or not covered by commercial insurance, such as those in the VA system or Medicaid. Third, since medical conditions and medical services were identified based on administrative codes in the claims database, such information could be underestimated. For example, a patient may have been treated as part of a clinical study, which would not be captured in the insurance claims. Finally, the MarketScan dataset does not contain RNA test results. Therefore, this study could not assess adherence to therapy guidelines beyond adherence to minimum therapy, since therapy guidelines are dependent upon these values. As such, a future study for patients with RNA test values is warranted to refine the findings of the present study.
■■ Conclusions
This study finds high therapy noncompletion rates and high medical and drug costs among a cohort of commercially insured patients receiving DAA treatment for CHC. Furthermore, the study finds that women are less likely than men to complete minimum recommended durations of therapy based on FDA prescribing information. Additionally, telaprevir patients completed shorter durations of therapy and were more likely to complete the minimum recommended duration of therapy despite telaprevir being more expensive than boceprevir. The results of this study highlight the need for new CHC treatment regimens that facilitate improved adherence.
did not require that individual segments of a regimen meet guidelines, such as simultaneous possession of all required drugs. Furthermore, studies using data from the VA analyzed patient populations that consisted mostly of males. However, this study found that female patients were at an increased risk for therapy noncompletion, and the higher percentage of females in this study relative to studies of the VA population may partially explain the higher discontinuation rate found in this study. [14] [15] [16] [17] Taken holistically, the results from the current study support evidence in the literature that completion rates of DAA therapy regimens in the real-world are lower than in clinical trials, which report 66%-73% completion rates in telaprevir patients 10, 11 and 60%-65% completion rates in boceprevir patients. 8, 9 The higher completion rates found in clinical trials likely reflect the carefully selected patient populations and additional resources used to encourage patient compliance with medications.
In addition to high therapy noncompletion rates, the currently available treatment is limited by several contraindications that may preclude the treatment of CHC patients. In research conducted in parallel to the current study, we found that approximately 60% of untreated CHC patients had a contraindicated condition for DAA-based regiments including PEG and RBV, and the most common contraindications included arterial hypertension (32%), hepatic decompensation (22%), major system impairment (19%), and psychiatric depression (11%). 25 Thus, new therapies that are less burdensome with fewer contraindications have the potential to greatly benefit this patient population.
This study also demonstrates that CHC patients used substantial health care resources during the 12-month period following initiation of a DAA-based regimen. Patients frequently used outpatient services, with both cohorts having approximately 29 outpatient visits during the 12-month study period. Additionally, approximately one-third of patients visited the ER and one-sixth of patients had a hospitalization during this same time period. Further, telaprevir and boceprevir patients incurred approximately $19,500 and $17,000 in medical costs, respectively, during the study period. Outpatient costs composed the largest component of medical costs in both cohorts. Inpatient costs in the study period also composed a substantial component of costs (> 40%) and increased by more than a factor of 7 compared with the 6-month baseline period. This suggests that inpatient costs during the 12-month study period increased for reasons other than the longer duration of the study period compared with the baseline.
Finally, drug costs during the study period were approximately $76,500 for telaprevir and $60,000 for boceprevir; these drug costs were nearly 4 times the magnitude of total medical costs, demonstrating the substantial costs of telaprevir-and boceprevir-based regimens. Telaprevir patients experienced
